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INTRODUCTION
In a previous study (1) of injury to human skin wherein the entire epidermis
was removed, three major stages of repair of the eccrine sweat duct were iden-
tified:
A stage of degeneration and a preparation of the environment for the regenera-
tion to follow;
A stage of active cell migration and proliferation;
A stage of reorganization and orientation.
It was also found that in the stage of active cell migration and proliferation,
several points were of particular interest.
1. The luminal (lining) cells of the duct migrate out into the dermis to pro-
duce abundant, tightly folded spirals before any adjacent epidermis is present.
They do this at first before any great mitotic activity is evident.
2. As the mitoses increase, the basal cells then act as indifferent cells which:
a. can be differentiated into luminal cells as well as
b. send out sheets of new prickle cells to help lay down a new epidermis.
3. All this active growth arises from, and takes place in, only a small zone at
the distal end of the sweat duct.
The present report describes an attempt to study the response of the human
eccrine sweat duct to dermal injury wherein a single cut with a thin knife was
made approximately across the middle dermis. Such injury completely or par-
tially severed the eccrine sweat duct but left the overlying dermis intact.
PROCEDURE
A cataract knife which was ground down and honed to a thin double-edged blade was
inserted in a horizontal manner, without anesthesia, into the skin of the middle of the
back of normal adult young males (Fig. 1). This produced a cut in the dermis more or less
parallel to the skin surface (Fig. 2), approximately 1 cm. in length and 4 cm. in width.
It was estimated that an average of fivc eccrine sweat ducts were either completely or
partially severed with each cut. Three experimental subjects were used, and multiple cuts
were made on each individual in order to obtain the periodic biopsy specimens necessary
for the study. As before, all specimens were obtained with a high-speed, motor-driven
5 mm. diameter punch, without anesthesia. Thc specimens were placed immediately in
the appropriate fixatives.
* From the Department of Dermatology (W. C. L., Jr.) and the Department of Pa-
thology (J. B. H.), Hitchcock Clinic and Dartmouth Medical School, Hanover,
New Hampshire.
t This work was carried out under the auspices of the Hitchcock Foundation, Hanover,
New Hampshire, with support from the Quartermaster Corps, Research and Development
Command, Department of the Army, (Contract jDA 44409 q.m. 1424).
Presented at the Sixteenth Annual Meeting of The Society for Investigative Derma-
tology, Inc., Atlantic City, N. J., June 4, 1955.
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FIG. 1. Double-edged blade inserted into the mid-dermis
Three distinct biopsy schedules were carried out following the taking of control
specimens.
1. Five minutes, 8 arid 12 hours, and 1,2,3, and 5 days after the injury (two individuals);
2. Four, 8, and 12 hours, and 1, 2, 3, 5, and 7 days after the injury (three individuals);
3. One, 2, 4, 6, 8, 10, 12, and 18 weeks after the injury (two individuals).
The biopsy specimens were fixed either in Helley's or in trichloracetic acid and alcohol
solutions. The entire tissue blocks were cut in serial sections, mounted and consecutively
numbered. The stains used were:
McManus procedure controlled with saliva;
Toluidine blue buffered at pH 5;
Barrnett-Seligman technic for sulfhydryl and disulfide groups.
RESULTS
The responses of the eccrine sweat duct to such injury in the mid-dermis may
also be divided into the three phases: degeneration, regeneration, and orienta-
tion.
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CUT INJURY
FIG. 2. Diagram of cut injury. Shaded area indicates approximate line of cut in the
mid-dermis.
The responses in the stages of degeneration and regeneration were not unlike
those seen in the previously reported experiment (1) but the time sequence
was different. The stage of reorientation differed widely, of course, because of
the special requirements of such a wound stimulus and healing.
The exact location of the cut was always easily identified by the cytologic
and tissue response of the dermis which was proper for each period of repair
following the injury.
Where the eccine sweat duct was completely severed, two open ends were
thus exposed. The responses of both portions of the duct were studied. For the
sake of simplicity we will refer to the lower portion of the duct, whose upper end
was exposed in the mid-dermis, as the "deep portion." The upper, more super-
ficial portion of the duct, whose deep end was exposed in the mid-dermis, will
be referred to as the "superficial portion".
For the first several weeks after the injury, both ends of the severed duct re-
sponded in a similar manner.
Immediately following the trauma (approximately 5 minutes) only the cut
cells at both open ends of the duct showed pycnosis. No other cytologic or
tinctorial changes occurred in either portion of the duct. Four, eight and twelve
hours following the injury, both the basal cells and the luminal cells became
pycnotic but this only extended to a distance of three or four cells away from the
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cut. Those cells at the open ends of the duct then came together as if sealing the
open lumen. All other cells, up or down the duct, remained at rest. This com-
pleted the stage of degeneration, which was only of 12 hours duration.
Twenty-four hours after the injury, regeneration was well under way (Figs.
3a and 3b). The manner of regeneration was exactly that described previously
(1), but it occurred at the severed ends of both the deep and the superficial por-
tions of the duct. The luminal cells spilled out into the dermis from above and
below producing spirals, at first without any increased mitotic activity on the
part of the basal cells, and then at a more rapid rate as the basal cell mitoses hit
their full stride. The cytoplasm of these basal cells, previously heavily laden
with glycogen, was now glycogen-poor.
Forty-eight hours after injury, it was obvious that the basal cells of the duct
FIG. 3a. Open end of the deep portion of cut duct 24 hours after injury (Toluidine Blue
pH 5) X225.
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FIG. 3k High power of (a). Note the luminal cells spilling and spiralling out of the
open end of the duct into the dermis. (Toluidine Blue pH 5) X575.
were once again acting as indifferent cells and giving rise not only to new spiralling
luminal cells, bitt also to tongues of prickle cells at the level of the injury (Fig. 4).
As in regenerating surface epidermis, these new prickle cells were rich in cyto-
plasmic glycogen and were thus easily distinguished from the new, glycogen-poor
luminal cells. Once again all new regenerative activity took place in the adjacent
10 to 20 cells of both ends of the cut duct.
This misplaced enthusiasm on the part of both ends of the severed duct to
make an "epidermal sweat duct unit," with its spiralling luminal cells sur-
rounded by a mass of prickle cells in the mid-dermis, reached its peak seven
days after the injury. At that time such masses of prickle cells deep in the dermis
(Fig. 5) might be mistaken for epithelial tumor formations. However, these
were merely inherent, though futile, attempts on the part of the eccrine sweat
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FIG. 4. 48 hours after injury. (1) Superficial and (2) deep portions of a cut duct. Note
the band of acute inflammatory cells in which lie the free ends of the severed ducts. Both
portions are sending out tongues of prickle cells (arrows). (Stained for disulfide groups.)
X270.
duct to contribute to epidermal repair even though the response was taking
place in the middermis.*
It is interesting, too, that these eccrine sweat ducts need not be completely
severed in order to respond in the manner described above. A similar spiralling
of luminal cells and thickening of the duct walls seemed to occur in any portion
of the intact duct once it had suffered trauma (Fig. 6).
* The identification of the eccrine sweat duct lumen, regardless of location and distor-
tion, is made easier now by the use of the McManus procedure. The luminal border of the
lining cell will always contain Schiff-positive, non-glycogen, fibrillar or granular material
in varying amounts. No other keratinizing cell of human epiderman or pilosebaceous
origin has been shown, to date, to produce this Schiff-positive material (1, 3, 4).
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FIG. 5. 7 days alter injury. (1) Superficial portion of the cut duct on left (arrow 1);
(2) deep portion on right (arrow 2). Note the mass of prickle cells surrounding the spiralling
lumen of each free portion of the duct (arrows). (Toluidine Blue pH 5) X215.
A slower period of reorganization began between one and two weeks after
injury. The masses of prickle cells about the cut ends of the duct had disap-
peared after 14 days and were not seen again. At that time each end of the cut
duct had become club-shaped, with one or two layers of basal cells surrounding
a multi-spiralled lumen that ended in the dilated portion of the club (Figs. 7 and
8). (Gilman et al. made similar observations in their Work with skin grafts (2).)
The free end of the deep portion of the duct maintained this general appear-
ance throughout the remaining weeks of this study. After six weeks only one
layer of basal cells was seen, but the spiralling persisted. As such, then, the distal
end of this deep duct lay snug against the final scar (Figs. 7 and 8). Tinctorially
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Fm. 6. Portion of a duct lying parallel to the deep edge of the scar. Note (arrow) the
spiralling of the lumen and the widening of the total duct only at the point where it is in
contact with the scar. (Six weeks after injury.) (Toluidine Blue pH 5) X142
all these cells were normal, nor were they altered by the intradermal injection of
acetylcholine (5) (18 weeks after injury in one subject).
Between four and six weeks after the injury, however, the superficial portion
of the severed duct continued to change. Starting at the cut end, the lumen be-
gan to disappear; the duct was seen as a tail or cone tapering gradually from
four cells to a shred or column, one cell in diameter, at the scar (Fig. 9). It seemed
that the lumen, cut off from its supply of sweat from the gland, was undergoing
disuse atrophy and was slowly disappearing.
Between ten and eighteen weeks after injury, the superficial lumen appeared
to be completely closed even though the luminal cells remained. Again interest-
ingly, these remaining cells (basal and luminal) were tinct.orially normal as
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FIG. 7. 4 weeks after injury. Club-shaped end of the deep portion of a cut duct as it
ends against the scar. Note the multiple spirals of the lumen and the Schiff -positive, non-
glycogen material (arrows) on the luminal borders of the lining cel]s. (McManus procedure)
X465.
regards this study, and the luminal cell glycogen was not altered by the intra-
dermal injection of acetylcholine, nor did any sweat appear on the surface.
Occasionally the entire superficial sweat duct lumen, including that portion in
the epidermis, had disappeared and lumiiial cells could no longer be found
(Fig. 10).
A few unusual reactions occurred. One foreign body graiiuloma developed
about a severed pilosebaceous unit. Two epithelial inclusion cysts developed
from a pilosebaceous segment (predicted by Kligman and Epstein—personal
communication); one of these also had the deep portion of a sweat duct spiralling
into the cyst cavity (Fig. 11).
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FIG. 8. 6 weeks after injury showing, at lower power, the club-shaped end of the deep
portion of the duct (arrow) terminating at the scar in the mid-dermis. Note the spiralling
lumen. Numbers 1 and 3 indicate areas of normal collagen above and below the scar (No. 2).
(Toluidine Blue pH 5) X230.
DISCUSSION
This study, along with our previous report, of specific injury to the human
eccrine sweat duct indicates that this structure has an inherent ability to play a
role in epidermal repair. Regardless of the type or location of the trauma, the
sweat duct responds immediately at the site of injury by (1) spiralling its lumen
and (2) surrounding this spiral with new epidermal prickle cells. Such response
seems to be a consistent reaction on the part of the sweat duct to guarantee its
own position and mature configuration in any potential epidermal structure.
This ability to respond is inherent within the duct itself and is not dependent
upon any neighboring epidermis.
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FIG. 9. 6 weeks after injury. Degenerating end of the superficial portion of a severed
duct. (Toluidine Blue pH 5) X435.
Such an intrinsic drive to maintain its structure and continuity of lumen to
the surface of the skin is so fundamental that this response occurs first, regard-
less of the site of injury and regardless of rationale of the response to the total
picture of damage. It is only after this response has proven futile and unnecessary
that the long period of reorientation is undertaken so as to leave the repaired
skin with as little abnormality as possible.
This is well accomplished in the superficial portion of the duct as described.
However, the deep portion of the duct is still a part of the total secreting unit
and stubbornly keeps its spirals. Such determination to survive as a complete
anatomical structure (secretory coil, dermal duct and spiralling epidermal
sweat duct unit) is certainly commendable even though it ends blindly against
the scar.
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FIG. 10. 10 weeks after injury. No lumen demonstrable in the superficial portion of the
severed duct. (Toluidine Blue pH 5) X215.
It must be pointed out, too, that our previous use of the term "growth center"
(1) for the "epidermal eccrine sweat duct unit" is certainly erroneous. We were
seeing not a fixed "growth center" but rather a consistent "growth response"
that can occur anywhere in the eccrine sweat duct. This conforms with the funda-
mental observations made by Loeb and summarized in his classic article in 1920
entitled "A Comparative Study of the Mechanism of Wound Healing" (6).
"The so-called physiological regeneration of tissues is not a regeneration process,
but is the expression of a primary inherited tendency to multiply, inherent in
certain tissues and characteristic for each species. This primary tendency to
grow and multiply determines, on the one hand, the intensity of cell multiplica-
tion and desquamation, and, on the other, the normal structure of the tissue."
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FIG. 11. 10 weeks after injury. Epithelial inclusion cyst below the scar. Note (arrow 1)
spiralling deep portion of severed sweat duct which empties into the cyst cavity, (arrow 2)
one of several free mature hair fragments in the cyst cavity, and (arrow 3) rudimentary
hair bulb in the cyst wall. X90.
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DISCUSSION
DR. J. WALTER WILSON (Los Angeles, Calif.): My recollections of very pleasant
visits to Hanover, New Hampshire, lead me to be surprised to hear about all
this back stabbing going on up there.
I have absolutely nothing but praise for this paper, but I want to leave one
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question for Dr. Lobitz. In concentrating your remarks upon the eccrine sweat
gland activities in this regard, you are not implying that similar activities don't
occur in other pilosebaceous and apocrine elements?
DR. WILLIAM L. EPSTEIN (Philadelphia, Penna.): We have been interested in
producing milia experimentally, as you know. Using a more crude method to
damage the dermis, that is, intradermal injection of oleic acid, we also were able
to produce some interesting changes in the eccrine sweat ducts. I would like to
add one observation to Dr. Lobitz' list of responses to injury. That is, if the
injury is enough and the subject's skin is reactive, the eccrine duct may kera-
tinize in the dermis. With your permission I would like to show a slide of this
change.
DR. EPSTEIN: (Slide) This is at about three weeks after the injection of oleic
acid which was subsequently removed, forced out by the tissue reaction to a
foreign body. Note the spiralling of the sweat duct in the corium. If you look
closely, you can see keratinization of the cells in the spiral far below the epider-
mis. This is not a milium because it joins to the surface. However, our more
recent attempts have produced true milium.
DR. STEPHEN ROTHMAN (Chicago, Ill.): The regeneration of epidermal prickle
cells from cells of the sweat ducts is a most remarkable finding. Do the authors
believe that such regeneration also occurs physiologically, without injury?
DR. BERNARD APPEL (Lynn, Mass.): These vivisection experiments by the
white man on the Dartmouth Indians are very dramatic. Regarding the slices
at a different level from the one which Dr. Lobitz mentioned, it might be in-
teresting if he could give us a word about what happens to the sweat which is
being produced by the secreting portion of the deeper structure, under tremen-
dous pressure, while the duct has been cut across and is attempting to regenerate.
Drt. MARION B. STJLZBERGER (New York, N. Y.): A paper by Dr. Lobitz al-
ways brings so much new material and thought provoking material that it is
difficult to know where to start to discuss his presentations.
This time I would just like to try to answer Dr. Rothman in part and also
bring some of our own findings in relationship to Dr. Lobitz' findings. During
the late war, Dr. Rudolf Baer, Dr. Abram Kanof, Dr. David P. Barr, Clare
Lowenberg and I formed a team engaged in studying wound healing under the
aegis of the National Research Council and the Armed Forces. In the course of
these investigations on human volunteers we produced rather deep wounds by
thermal burns and by other means. When we examined by biopsy the bases of
these wounds (deep wide wounds which were complete interruptions of epidermis
and cutis), the specimens taken from their bases at different time intervals
showed no differentiated epithelial structures except sweat gland rests. Still, by
our serial biopsies, we could show that from these sweat gland rests, surface
epithelium appeared to regenerate and to help to cover the defects. These findings
indicated to us that not only the ducts, but even the cells of the acini of the
eccrine sweat glands maintain their potentiality for dedifferentiating and re-
turning to the production of basal cell, prickle cells and all the elements of the
thin surface epitheliurn which finally covered the scars.
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DR. HERMANN PINKUS (Monroe, Michigan): Also in partial answer to Dr.
Rothman's question, I would like to call attention to the fact that in almost any
senile keratosis one finds evidence that the sweat ducts produce prickle cells
without previous injury. Apparently the anaplastic epidermis is biologically
incompetent and the sweat ducts become hyperplastic and try to restore nor-
mally functioning epidermis.
DR. WALTER C. LornTz (in closing): We certainly want to thank the discussors
for their very interesting and helpful comments.
In answer to Dr. Wilson, the pilosebaceous segment does respond in a similar
manner. It, too, has a job to do; not only repair itself, but to attempt to con-
tribute to epidermal repair in general. We hope to report this in the near future.
We have not had the opportunity to work on any apocrine gland areas, but I
know Dr. Epstein and Dr. Kligman have done so, and maybe they could en-
lighten us more in this regard. Incidentally, I have been very excited about the
work that Dr. Epstein and Dr. Kligman are doing. They have been nice enough
to show me some of it down in their laboratory in Philadelphia, as well as send
me some of their material. One of the fascinating things that Dr. Epstein has
been able to show is that perhaps the regenerating sweat duct cells can actually
produce keratohyalin granules in the dermis, even when there is no connection
with the epidermis. The one slide that he showed of course had a connection with
the epidermis. He has another photomicrograph which he did not show, that
has no connection with epidermis and still has a suspicion of keratin hyalin
granules present.
When we told them what we were doing, he and Dr. Kligman predicted some
of the reactions we found. In a total of more than 50 biopsies, we estimated
that approximately 250 sweat ducts were cut, and we watched them respond to
the injury. In this series we found only two milia or epithelial inclusion cysts
develop beneath the scar. One cyst was made up of mature hair fragments,
embryonic hair buds, and a spiraling eccrine sweat unit. We interpret this cyst
as being formed from a pilosebaceous structure and an eccrine sweat duct struc-
ture, both of which happen to arrive at this spot in proliferation at the same time;
thus this anomaly. It does not indicate that an eccrine sweat duct was making
hair or vice versa.
Dr. Rothman, perhaps Dr. Sulzberger and Dr. Pinkus can answer your ques-
tion more profoundly than I can.
DR. ROTHMAN: Neither case was physiological. In either case it was pathology
or injury. My question was whether in the normal growth of epidermis there is
any suspicion or evidence that the sweat gland basal cells participate.
DR. LornTz: I have no experience in this, Dr. Rothman. I could not answer
that.
Dr. Appel brought up the very interesting point regarding what happens to
all this new sweat gland and duct system if one stimulates that area to sweat.
We did that by injecting the area locally with acetylcholine. As you know, Dr.
Shelley and Dr. Mescon have shown beautifully that glycogen leaves the secre-
tory cells when the eccrine gland functions. We were unable to alter this glycogen
. 
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when we injected the acetyicholine. We were also unabk to get sweat to appear
on the surface in these areas. No matter what one does to stimulate the sweat
ducts and glands that are deep to the scar, they remain, at least histochemically
and structurally, at rest.
I also want to thank Dr. Sulzberger and Dr. Pinkus for their very interesting
and helpful comments.
le to get s eat to appear
